



(Computer Algebra : Design of Algorithms, Implementations
and Applications)
Author(s)鍋島, 克輔; 中村, 弥生; 田島, 慎一









GRADUATE SCHOOL OF INFORMATION SCIENCE AND TECHNOLOGY, OSAKA UNIVERSITY /
JAPAN SCIENCE AND TECHNOLOGY AGENCY, CREST*
YAYOI NAKAMURA
SCHOOL OF SCIENCE AND ENGINEERING, KINKI UNIVERSITY \dagger
SHINICHI TAJIMA

















$\mathbb{C}^{n}$ $O$ $X$ $f(x)$
$X$ $\mathcal{O}_{X}$ , $\mathcal{O}_{X,O}$ $f(x)$




$\mathcal{H}_{f}=\{\eta\in \mathcal{H}_{[O|}^{n}(\mathcal{O}_{X})|\frac{\partial f}{\partial x_{1}}(x)\eta=\frac{\partial f}{\partial x_{2}}(x)\eta=\cdots=\frac{\partial f}{\partial x_{n}}(x)\eta=0\}$
$O$ $\mathcal{H}_{[O]}^{n}(\mathcal{O}_{X})$ $(X, X-\{O\})$
$[_{\overline{x}}\tau^{1}-]$
$\mathcal{H}_{[0]}^{n}(\mathcal{O}_{X})$
$[_{\overline{x}}\tau^{1}\pi]\in \mathcal{H}_{[O|}^{n}(\mathcal{O}_{X})$ $($ $\lambda\in \mathbb{N}^{n})$
$\eta\in \mathcal{H}_{[O|}^{n}(\mathcal{O}_{X})$
$\sum_{\lambda}c_{\lambda}[\frac{1}{x^{\lambda+1}}](c_{\lambda}\in \mathbb{C}, \lambda=(l_{1}, l_{2}, \ldots, l_{n})\in \mathbb{N}^{n})$
$( \lambda+1=(l_{1}+1, l_{2}+1, \ldots, l_{n}+1),$ $1=(1,1, \ldots, 1))$
$\mathcal{H}_{f}$
Example 1. ($E_{7}$ ) $f(x, y)=x^{3}+xy^{3}$ $=3x^{2}+y^{3},$ $g_{y}^{\partial}=3xy^{2}$
$[ \frac{1}{xy}] [\frac{1}{xy^{2}}], [\frac{1}{x^{2}y}], [\frac{1}{xy^{3}}] [\frac{1}{x^{2}y^{2}}]\in \mathcal{H}_{f}$










$H_{[O|}^{n}(K[x])= \lim_{karrow\infty}Ext_{K[x|}^{n}(K[x]/(x_{1}, x_{2}, \ldots, x_{n})^{k}, K[x])$
$H_{[O|}^{n}(K[x])$ $\sum c_{\lambda}[\frac{1}{x^{\lambda+1}}]$ $\xi=(\xi_{1}, \xi_{2}, \ldots, \xi_{n})$
$n$ $\sum c_{\lambda}\xi^{\lambda}$
$O$ $f\in K$ $H_{f}$






:f $\in K$ [x]: $\succ$ :














1. STEP 1 initial
initial
45
2. initial ( [12])
p $=$ initial $+ \sum$ ( $\cross$ )
3. $(_{\partial x_{1}}^{\perp\partial})p=( \frac{\partial f}{\partial x_{2}})p=\cdots=(\frac{\partial f}{\partial x_{n}})p=0$
$p$ $H_{f}\ovalbox{\tt\small REJECT}$ $H$
initial
$p$ $H_{f}$ $F$ initial
initial
4. ([12]) 2 3
$H_{f}$ $H$ $F$
$\langle\frac{\partial f}{\partial x_{1}},$
$\ldots$ , $\frac{\partial f}{\partial x_{n}}\rangle$ initial $F$
$H$



































: $f\in K[x, a]$ $f$ $a=(a_{1}, \ldots, a_{m})$ $x$
$\succ$
$:\mathcal{R}=\{R_{1}, \ldots, R_{k}\},$ $\mathcal{G}=\{(S_{1}, H_{1}, F_{1}), \ldots, (S_{l}, H_{\iota}, F_{l})\},$
$S_{i}\subset \mathbb{A}^{m}$ stratum, $H_{i}$ $S_{i}$ $f$ $S_{\iota’}$
initial $\mathcal{R}$ stratum $R_{j}$
$i=1,$ $\ldots,$ $k,$ $j=1,$ $\ldots,$ $l$ $R_{1}\cup\cdots\cup R_{k}\cup S_{1}\cup\cdots\cup S_{l}=\mathbb{A}^{m}$
BEGIN




2. $\mathcal{T}=\{(T_{1}, G_{1}), \ldots, (T_{d}, G_{d})\}arrow\overline{\partial}x_{1}\partial\perp$, . . . , $f\partial\partial x_{n}$




$\mathcal{T}’arrow \mathcal{T}Zarrow \mathcal{Z}\backslash \{Z\}$
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while $\mathcal{T}’\neq\emptyset$ do
$(T, G)arrow \mathcal{T}’$ 1 $(T, G)$
$\mathcal{T}’arrow \mathcal{T}’\backslash \{(T, G)\}$
if $T\cap Z\neq\emptyset$ then







$(T, G)arrow \mathcal{L}$ 1 $(T:$ stratum, $G: )$
. $\succ$ $G$ initial
. $G$
41. $\succ$ $G$ initial
initial (
initial )
4-2. initial ( [12])
p $=$inmtial $+\Sigma$( $\cross$ )
43. $(_{\overline{\partial}x_{1}}\partial)p=(_{\partial x_{2}}\partial)p=\cdots=(_{\partial x_{n}})p=0$









4-4. stratum $S_{i}$ ( [12]) $H_{i},$








initial $J$ [8, 9, 12]
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Risa$/Asir$
2 $\mathbb{V}(g_{1}, \ldots, g_{s})$ $g_{1},$ $\ldots,$ $g_{s}\in K[a]$
$\{(a_{1}, \ldots, a_{m})\in \mathbb{A}^{m}|g_{i}(a_{1}, \ldots, a_{m})=0$ for all $1\leq i\leq s\}$
$x,$ $y$ $a$ $f=x^{4}+ax^{2}y^{2}+y^{4}$
$J=\langle 4x^{3}+2axy^{2},2ax^{2}y+4y^{3})$
1. $J$ $J$ stratum
stratum [5]
$\{\begin{array}{l}\mathbb{A}\backslash \mathbb{V}(a^{3}-4a) 0 \mathbb{V}(a) 0 \mathbb{V}(a+2) 1 \mathbb{V}(a-2) 1 \end{array}$
$0$ $J$ $0$ $\mathbb{A}\backslash \mathbb{V}(a^{3}-4a)$
$\mathbb{V}(a)$
2. $1\partial\partial 4\partial x’\partial y$ $\{4x^{3},2axy^{2},2ax^{2}y, 4y^{3}\}$
$\{\begin{array}{l}\mathbb{A}\backslash V(a) \{y^{3}, xy^{2}, x^{2}y, x^{3}\},\mathbb{V}(a) \{x^{3}, y^{3}\}.\end{array}$
3. 1 2 2 $\mathbb{V}(a)$ 1 $0$
2 $\mathbb{A}\backslash V(a)$ 1 $J$ $0$ 1
$0$ 1 stratum 2 stratum
$\mathbb{V}(a)$
$(\mathbb{A}\backslash \mathbb{V}(a))\cap(\mathbb{A}\backslash \mathbb{V}(a^{3}-4a))=\mathbb{A}\backslash \mathbb{V}(a^{3}-4a)$
2 strata
4-1. $\mathbb{V}(a)$ 2 $\{x^{3}, y^{3}\}$
$(c_{\alpha,\beta}[ \frac{1}{x^{\alpha+1}y^{\rho+1}}]rightarrow$








$(\mathbb{V}(a), \{1, \eta, \eta^{2}, \xi, \xi^{2}, \xi\eta, \xi\eta^{2}, \xi^{2}\eta, \xi^{2}\eta^{2}\}, \{\xi^{3},\eta^{3}\})$
4-2. $\mathbb{A}\backslash \mathbb{V}(a^{3}-4a)$ 4-1





( 2-4 ) $\xi^{2}\eta$




$\mathbb{C}\backslash \mathbb{V}(a^{3}-4a)$ $\xi^{2}\eta$ initial $\xi\eta^{2}$
(2) intial $\xi\eta^{2}$ $\xi^{3},\xi^{2}\eta$ $c_{11},$ $c_{12}$
$p_{1}=\xi\eta^{2}+c_{11}\xi^{2}\eta+c_{12}\xi^{3}$ 4-3
$\mathbb{A}\backslash \mathbb{V}(a^{3}-4a)$ $c_{11}=0,$ $c_{12}=- \frac{a}{2}$
$p_{1}= \xi\eta^{2}-\frac{a}{2}\xi^{3}$ intial $\eta^{3}$
(3) intial $\eta^{3}$ $\xi^{3},$ $\xi^{2}\eta$ $p_{2}=\eta^{3}+c_{21}\xi^{2}\eta+c_{22}\xi^{3}$
4-3 $\mathbb{A}\backslash \mathbb{V}(a^{3}-4a)$ $c_{21}=- \frac{2}{a},$ $c_{12}=0$
$p_{2}= \eta^{3}+c_{21}\xi^{2}\eta-\frac{2}{a}\xi^{3}$ $p_{2}$ initial initial
initial $\xi\eta^{3}$
(4) intial $\xi\eta^{3}$ $\xi^{3},$ $\xi^{4},$ $\xi^{2}\eta,$ $\xi^{3}\eta,$ $\xi^{2}\eta^{2}$ $p_{3}=$
$\xi\eta^{3}+c_{31}\xi^{4}+c_{32}\xi^{2}\eta^{2}+c_{33}\xi^{3}\eta+c_{34}\xi^{2}\eta+c_{35}\xi^{3}$ 4-3 stratum
$A\backslash V(a^{3}-4a)$ $\xi\eta^{3}$ initial $\eta^{4}$




stratum $\mathbb{A}\backslash V(a^{3}-4a)$ 1 $c_{41}=0,$ $c_{42}=1,$ $c_{43}=- \frac{3}{a},$ $c_{44}=0,$ $c_{45}=0,$ $c_{46}=0$
$p_{4}= \xi\eta^{3}+\xi^{4}-\frac{3}{a}\xi^{2}\eta^{2}$ initial
$\eta^{5}$
(6) intial $\eta^{5}$ $\xi^{3},$ $\xi^{4},$ $\xi^{2}\eta,$ $\xi^{3}\eta,$ $\xi^{2}\eta^{2},$ $\xi\eta^{3},$ $\xi^{5},$ $\xi^{2}\eta^{3},$
$\xi\eta^{4}$ o $p_{5}=\eta^{5}+c_{51}\xi^{5}+c_{52}\xi^{2}\eta^{3}+c_{53}\xi\eta^{4}+c_{54}\xi\eta^{3}+c_{55}\xi^{4}+c_{56}\xi^{2}\eta^{2}+c_{57}\xi^{3}\eta+c_{58}\xi^{2}\eta+c_{59}\xi^{3}$
4-3 stratum $\mathbb{A}\backslash V(a^{3}-4a)$
(7) $A\backslash \mathbb{V}(a^{3}-4a)$
$( \mathbb{A}\backslash V(a^{3}-4a), \{1, \xi, \xi^{2}, \eta, \eta^{2}, \xi\eta,\xi\eta^{2}-\frac{a}{2}\xi^{3}, \eta^{3}+c_{21}\xi^{2}\eta-\frac{2}{a}\xi^{3}, \xi\eta^{3}+\xi^{4}-\frac{3}{a}\xi^{2}\eta^{2}\}, \{\xi^{3}, \xi^{2}\eta,\xi\eta^{3}, \eta^{5}\})$
5. 4-1 4-2 2 strata
6. 2 strata $1\succ x\succ y\succ x^{2}\succ xy\succ y^{2}\succ\cdots$
stratum
$V(a)$ initial $\{\xi^{3}, \eta^{3}\}$ $(\xi=x, \eta=y )$
$\{x^{3}, y^{3}\}$
$\mathbb{A}\backslash V(a^{3}-4a)$ $\{\xi^{3}, \xi^{2}\eta, \xi\eta^{3}, \eta^{5}\}$ initial
$\eta^{5},$ $\xi\eta^{3}$
$\{y^{5}, xy^{3}\}$
$\{\xi^{3}, \xi^{2}\eta\}$ [8, 9, 12]
$x^{3}+ \frac{a}{2}xy^{2},$ $x^{2}y+ \frac{2}{a}y^{3}$
$\{y^{5}, xy^{3}, x^{3}+\frac{a}{2}xy^{2}, x^{2}y+\frac{2}{a}y^{3}\}$
1 $)$ : 4-3 strata, strata,
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$1\succ x\succ y\succ x^{2}\succ xy\succ y^{2}\succ\cdots$ $J$
$\mathbb{V}(a)$ $\{x^{3}, y^{3}\},$ $\mathbb{A}\backslash \mathbb{V}(a^{3}-4a)$ $\{y^{5},$ $xy^{3},x^{3}+ \frac{a}{2}xy^{2},$ $x^{2}y+ \frac{2}{a}y^{3}\},$




$f=x^{3}+ax^{2}y^{3}+by^{5}+xy^{4}$ $(a, b )$
$p$-std $f$ , [a,b], [x,y], $1\succ y\succ x\succ y^{2}\succ yx\succ x^{2}\succ\cdots$
1 p-std


















- $V(a, b)$ $a=b=0$ $\{x^{2}+\frac{1}{3}y^{4}, y^{3}x,y^{7}\}$
$-$ $V(a)\backslash V(a, b)$ $\{bx^{2}-\frac{4}{15}y^{3}x, \frac{4}{5}y^{3}x+by^{4}\}$
- $V(4ba-1)$ $\{bx^{2}+(\frac{2}{3}ba-\frac{4}{15})y^{3}x, \frac{4}{5}y^{3}x+by^{4}\}$
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